In spite of numerous published studies, the issue of the versatility of adult cells remains controversial. In humans, Fluorescence in situ hybridation (FISH) Y-chromosome studies in epithelial tissue sections have suggested the formation of donor-derived epithelial cells after male-to-female hematopoietic cell transplantation (HCT).
1, 2 We recently described alternative explanations for some of the chimeric events found within histological sections such as cell overlapping and/or lymphocyte contamination. 3 Furthermore, in histological sections epithelial cells are located within organ structures and it is therefore difficult to reveal the morphology of individual cells. Some believe that chimeric events found within epithelial structures (ie colon crypts, liver lobes) are not due to the actual generation of donor-derived epithelial cells but rather due to donor-nuclei or donor-derived nonepithelial cells located within the epithelium and completely enclosed by other cytokeratin (CK) þ cells. The purpose of the present study was to examine the origin of individual, single epithelial cells after human HCT. We chose to analyze buccal cells for two reasons. First, cells from oral mucosa are easily accessible, and second, oral scrapings allow isolation of single epithelial cells.
Tran et al 4 recently examined cheek scrapings obtained from female patients after sex-mismatched HCT, and found Y þ / CK þ cells. However, their study was based on two assumptions. The first of these was that there was no overlap of cells in the cytospin preparations, and the second that there were no hematopoietic cells within the buccal swabs. We obtained buccal swabs from 10 healthy volunteers and five patients with mucositis after chemotherapy and searched for CD45 þ hematopoietic cells in cytospins. All patients with mucositis contained hematopoietic cells in their buccal swabs with a median of 4.4% CD45 þ cells (range 1.4-7%). CD45 þ cells were also found in buccal swabs obtained from six out of 10 healthy individuals (median 0.3%, range 0-1.5%). Moreover, we found that in cytospins of buccal cells, cells may overlap each other (Figure 1a and b) .
Keeping these considerations in mind, we performed our study as follows: buccal swabs obtained from 13 female recipients 56-1964 days after male-to-female peripheral blood HCT, when no mucositis or oral graft-versus-host disease (GvHD) was present, were employed to prepare cytospins of epithelial cells (Table 1) . Four cytospins were stained with Diaminobenzidine (DAB) immunocytochemistry (Sigma, Steinheim, Germany) using either CD45-(HI30, BD, USA), CD3-(SK7, BD), CD15-(MMA, BD) or CD68-(PG-M1, Dako, Denmark) specific antibodies. The fifth slide was stained with a combination of FISH for the Y-or XY-chromosomes (Vysis, Germany), immunofluorescent stain for CK (C-11, FITC-conjugated, Sigma), immunostain for CD45 (2B11 þ PD7/26, Dako) followed by a goat anti-mouse antibody labeled with Alexa Fluor 633 (Molecular Probes, USA) and DAPI nuclear counterstain (D-9542, Sigma), as described. 3 The Y/CK/CD45/DAPIstained slides were evaluated three dimensionally (3D) by laser-scanning confocal microscopy (TCS/SP2/AOBS, LeicaMicrosystems, Germany) from examiners who were not aware about the present or past medical history of the patients, as described. 3 Thereafter, slides were counterstained with standard hematoxylin/eosin (HE), the marked Y þ /CK þ /CD45À cells were identified and their morphology was evaluated by light microscopy.
We examined a median of 200 buccal cells per patient (range 110-450) with the Y/CK/CD45/DAPI stain. Donor-derived epithelial cells were Y þ /CK þ /CD45-by 3D analysis, contained the Y-signal within the DAPI-stained nucleus and revealed an epithelial morphology by HE light microscopy (Y þ /CK þ /CD45-/HEepith þ ) ( Figure 1 ). From a total of 13 female transplanted patients assessed, we found donor-derived epithelial cells in 12 of them (92%) with a mean incidence of 1.8% (range 0.2-7.3%) ( Table 1) . 'Contaminating' hematopoietic cells were excluded as the source of the Y þ signals found. First, all identified donor-derived epithelial cells were CD45À and exhibited a typical epithelial morphology. Furthermore, in six of the 12 patients revealing Y þ /CK þ /CD45-/HEepith þ cells, no CD45 þ cells were ever detected in the Y/CK/CD45/ DAPI-stained cytospin nor in the additional cytospins stained with anti-CD45 antibody alone. Tissue macrophages may down regulate their CD45 expression and could be misinterpreted as epithelial cells if only morphological criteria are taken into account. However, we never detected CD68 þ or CD15 þ macrophages in either buccal swabs from the 13 female patients nor in 15 control healthy individuals or sex-matched transplanted patients.
Age of the donor or recipient, numbers of nucleated cells or CD34 þ stem cells within the graft, preparative regimen (myeloablative, busulfan-based vs reduced-intensity conditioning, fludarabine based) and history of enoral GvHD at any point before buccal sampling did not correlate with the frequency of donor-derived epithelial cells. We found a significant correlation (P ¼ 0.014) between the time of buccal sampling after transplantation and the number of donor-derived epithelial cells, an increase that could be explained by an endogenous seeding of the donor-derived epithelial cells from the engrafted bone marrow. Interestingly, we also found a significant correlation (P ¼ 0.015) between the severity of mucositis in the early post-transplant period (up to day þ 30 after HCT) and the degree of buccal chimerism found at later time points (day þ 56 to day þ 1964) when no signs of mucositis were present. A possible explanation for this observation is that donor cells became directly lodged in the injured mucosa at the time of intravenous injection of the hematopoietic graft, rather than coming secondarily from the engrafted bone marrow. Probably, both mechanisms are taken place and serial examinations over time of a large number of patients are needed to make more concrete conclusions. Nevertheless, the strong correlation between tissue injury at the time of transplantation and generation of donor-derived epithelial cells suggest that donor cells, which were lodged in the oral mucosa during graft infusion, played a main role in the generation of epithelial cells. If so, since Y þ epithelial cells were detected several years after HCT, the donor cells engrafting the oral mucosa should be either long-lived progenitors (epithelial precursors 5 or mesenchymal/ hematopoietic progenitors with the ability to switch fates 6 ) or alternatively more mature hematopoietic cells that fuse with local epithelial stem cells. 7 We analyzed buccal swabs from the last four patients with probes for both X-and Y-chromosomes. We found X þ Y þ /CK þ /CD45-/HEepith þ cells in all of them (total 28 X þ Y þ epithelial cells), but no Correspondence such cell contained more than a single X-chromosome, making fusion mechanisms unlikely. However, in daughter epithelial cells such as those contained in buccal swabs, chromosomes could be lost. The incidence of donor-derived epithelial cells in the oral mucosa (1.8%) is much greater than the incidence of chimeric events described in the colon crypts in patients after HCT (0.18%) identified with the same methodology. 3 Although no direct comparison can be carried out, it might be that the higher cell turnover in oral mucosa (2.5 days) as compared to colon tissue (5 days) plays a role in the extent of the epithelial chimerism. The number of donor-derived epithelial buccal cells found here (0.2-7.3%) correspond to that in the study of Tran et al 4 in which no exclusion of lymphocyte contamination was carried out. Probably, the low numbers of hematopoietic cells in the buccal smears of the transplanted patients (up to 1%) combined with the relative high incidence of donorderived buccal cells (up to 7.3%) does not dramatically influences the measurement of the donor-derived epithelial cell numbers. Nevertheless, our rigorous analysis demonstrates definitely that individual buccal epithelial cells after HCT are donor derived.
In conclusion, our examination of single cells demonstrates that peripheral blood HCT in humans results not only in replacement of the lymphohematopoietic system but also in the generation of individual donor-derived epithelial cells. Although not irrefutable, our results suggest that fusion is not the underlying mechanism. Whether donor-derived epithelial cells are an incidental by-product of transplantation without ancillary biological significance or whether they hold any clinical, pathological 8 and/or therapeutical relevance remains to be answered by examination of a great number of transplanted patients. Considering the ease and noninvasive access of buccal cells, we suggest that chimerism studies as the ones described here should be routinely performed in sex-mismatched transplanted females.
T-cell ZAP-70 overexpression in chronic lymphocytic leukemia (CLL) correlates with CLL cell ZAP-70 levels, clinical stage and disease progression In recent years it has become evident that there are two major subgroups of chronic lymphocytic leukemia (CLL) based on IgV H mutational status of the CLL leukemic cells.
1 CLL patients with unmutated IgV H generally have more aggressive disease characterized by clinical progression, a more advanced stage and a shorter overall survival. 1 Recently, using DNA microarray analysis it has been shown that ZAP-70 is highly expressed in CLL patients with unmutated status, while the mutated group usually has low ZAP-70 expression.
2 Subsequent studies with larger numbers of CLL patients demonstrated that ZAP-70 expression in CLL cells can predict the mutational status, and that ZAP-70 levels also correlate with disease progression, and overall survival. 3, 4 ZAP-70 is a member of the syk family protein tyrosine kinases (PTKs), which plays a critical role in T-cell antigen receptor (TCR) signaling and T-cell development.
5 ZAP-70 is normally expressed in T lymphocytes and NK cells but is not present in normal B lymphocytes. 5 The detection of ZAP-70 expression in
